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The present invention relates in general to glass fibers formed from metal oxide 
compositions and specifically, to glass fibers formed from metal oxide compositions 
whose viscosity at the liquidus temperature is below 100 poises, but above a minimal 
value of viscosity, which depends on the liquidus temperature. 

Glass fibers are useful in many applications, in particular in the reinforcement of 
elastomer articles and in laminated composite structures. These fibers are in general 
characterized by a good combination of high resistance, rigidity and low density. How- 
ever, high performance composite structures require in general high rigidity fibers such 
as those measured with the Young module. Compositions with high Young module in 
general tend to have low viscosity at the liquidus temperature, this last expression being 
defined as being a temperature for which the liquid phase and the crystalline phase 
exist in equilibrium. There is a certain number of related difficulties for preparing glass 
fibers from compositions having low viscosity at the liquidus temperature. 

A principal difficulty in the drawing of very small diameter glass fibers from melted 
masses with low viscosity is the incapacity of the fiber to resist to the tensile force. When 
the tensile resistance of the material is exceeded, the fibrous current is fractured. 

A second obstacle is the crystallization or devitrification. When the melted mass 
viscosity is approximately equal to 1 ,000 poises or more at the liquidus temperature, in 
general there is no difficulty to draw the glass fiber. For melted mass viscosity of about 
100 poises, a certain devitrification occurs in the drawing of glass fibers and drawing 
interruption may occur. For viscosity of 10 poises or less, the production of glass fibers 
using classical drawing technique leads either to partially crystallized short fibers, or a 
complete interruption of the drawing process. 

In classical drawing techniques, the melted mass is extruded through a large 
diameter orifice, 2,000 microns or more, and then drawn until obtaining the desired 
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diameter, in general about 25.4 microns or less, while cooling it. However, the 
devitrification is intimately linked, among other things, to the liquidus temperature 
at the maximal growth speed temperature of the crystals, and to the viscosity at 
the liquidus temperature or close to this temperature. The crystal growth speed in 
a metal oxide remained in its superfused is generally inversely proportional to the 
viscosity. So, the large dimension of the extruded mass in prior techniques limits 
the cooling speed, such that a fiber of a composition whose viscosity is low will 
crystallize before it can be hardened in its vitreous state. 

As a consequence, a principal subject of the present invention is to fore- 
see "essentially continued", "roughly vitreous" fibers from low viscosity metal 
oxide compositions at high liquidus temperatures. Essentially continued fibers 
are defined as fibers having at least an aspect ratio 1 x 10 3 . A roughly vitreous 
fiber is a fiber having a crystallization degree below 10%. 

The recent innovation of "film stabilization" techniques supplies fibers 
produced from melted masses having extremely low viscosity. Currents of materi- 
als having low viscosity tend to be decomposed into droplets a short time after 
their exit due to the superficial tension. It was found that the decomposition could 
be prevented by forming a solid film around the current. The film thus "stabilizes" 
the current in vitreous form during the solidification. A process according to which 
the stabilization is carried out consists of extruding the current in a gaseous 
atmosphere which has sufficient concentration and sufficient reactivity for forming 
a film around the current, the film being insoluble in the melted current and hav- 
ing sufficient resistance for preventing the rupture. 

As it was previously indicated, the glass is formed when a liquid is 
superfused before it has the time for crystallizing. The formation of glass is fa- 
vored when (1) the hardening times are short, (2) the ratio of nucleus formation is 
low, and (3) the crystal growth speed is low. In general, the hardening time and 
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the crystal growth speed were too high for forming vitreous fibers from several composi- 
tions. However, the applicant found that the use of stabilization technique allowed the 
formation of vitreous fibers. The small dimension of the exiting current allows one to 
have much shorter hardening times. In addition, the applicant noted and experimentally 
found that vitreous fibers could be prepared with film stabilization technique from melted 
masses having viscosity in a specified range. The compositions of melted masses were 
characterized as having less than 20% by weight of Si0 2 , as being "essentially exempt 
of alkali", and they have viscosity at the liquidus temperature T m which is: 

1 . lower than 1 00 poises, and 

2. indicated with logarithm scale, higher than about 



The expression "essentially exempt of alkali" is defined as being related to prod- 
ucts having alkaline impurities present in quantity below 3% by weight. 

The new points that are believed to be characteristic of the present invention are 
shown in the following claims. The present invention with other subjects and advan- 
tages could be better understood with reference made to the description, in relation with 
the attached drawings wherein: 

The figure 1 is a transverse cross-sectional schematic view of an extruder with 
low viscosity. 

The figure 2 is a graphic with semi-logarithmic scale indicating the range of 
viscosity (with poises on the y axis) wherein specified compositions form vitreous fibers 
with film stabilization process. The x axis carries the liquidus temperature in degree 
centigrade; and 

The figure 3 is a comparison graphic of the characteristics of fibers formed from 
melted masses with film stabilization process and prior techniques in function of the 
melted mass viscosity. Letter A indicates the prior technique, B the vitreous fibers, C 
indicates the partially crystallized state, the viscosity being represented with poises at 
the scale placed at the drawing bottom. 
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As it can be seen in the figure 1 , a set of crucibles 1 0 contains a low viscosity 
melted mass 11. The crucible 10 may be produced from an appropriate refractory mate- 
rial, such as the tungsten or the molybdenum, which is compatible with the operating 
temperatures of the melted mass 11 . The orifice 12 placed in the lower part of the set of 
crucibles 10, communicates with a surrounded chamber 13 formed by the support 14. 
Inducing coils 15 surround a heating envelope 16 which, at its turn surrounds the set of 
crucibles 10. 

During the operation, inducing coils 15 bring the pressurized material into the set 
of crucibles 10 to be melted. The melted mass is then extruded in the chamber 13 by the 
inert gas pressure located above the melted mass in the form of a free current 17. 

The chamber 13 contains an atmosphere which, in presence of the melted cur- 
rent, forms a film around the current. The atmosphere may be of any gas which, in pres- 
ence of the melted current, forms a film which is stable and insoluble in the melted cur- 
rent. However, it is preferably desirable to use an atmosphere, such as propane, which is 
decomposed in presence of the melted current, and forms a carbon film around the 
current preventing the interruption or rupture before the complete solidification occurs. 

To form glass fibers, it was known longtime ago that the cooling speeds must be 
quite rapid to prevent the crystallization. It is also well known that the crystal growth 
speed is inversely proportional to the viscosity of the melted material. Thus, it is obvious 
that a melted current of material with low viscosity and large diameter has a great ten- 
dency to crystallize. 

This fact may probably be better understood according to the relation: 



The time required for the hardening is measured from the liquidus temperature T m to a 



0) 




wherein: 



X is the crystallinity degree lower than 1 0, 
I is the isotherm ratio of the nuclei formation, 
[i is the isotherm ratio of the crystal growth, and 
t is the time at temperature T. 
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temperature T g) for which the vitreous state is kinetically stable. The importance for the 
crystallization being produced is inferior to that which would be produced isothermally at 
the temperature T where 1^3 is a maximum. The temperature T is approximately 3/4 of the 
liquidus temperature and the superfused melted mass viscosity must be above 106 at the 
temperature T to prevent the crystallization. In using the modified equation called WLF 
equation (see William, M.L., Landel, R.R, and Ferry, J.D., Journal of American Chemical 
Society, 77 3701 , 1 955), the viscosity at the temperature T m was calculated. The results 
are shown with the curve 20 in figure 2. The curve 20 corresponds to the equation: 

wherein r\ is the viscosity in poises. Thus, for melted masses whose viscosity (in logarith- 
mic units) is higher than those provided by the equation (2), the resulting fibers have a 
vitreous structure superior to 90%. 

The prior technique is full of examples of vitreous fibers produced from composi- 
tions with high silica concentration, in particular superior to 20% by weight. The silica is 
well known for its aptitude for preventing the crystallization due to its high viscosity. In the 
case of metal oxides containing less than 20% by weight of silica, in particular for compo- 
sitions containing high alumina concentration (superior to 50% by weight), the low viscos- 
ity has prevented until nowadays the formation of vitreous fibers. In extruding the fibers 
according to the described film stabilization technique, the applicant succeeded to pro- 
duce great lengths of vitreous fibers. However, for the compositions whose viscosity at the 
liquidus temperature is lower than the one provided by the equation (2), the formed fibers 
will have less than 90% of vitreous aspect (see example 10). As the initial extrusion diam- 
eter of fibers is small in comparison to those formed with conventional techniques of 
extrusion, the cooling speeds are much higher (above 103 degrees per second). As it is 
possible to observe it with the vitreous state of the resulting fibers, the high cooling 
speeds provide more than to compensate the low viscosity of the melted material. 
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The figure 3 illustrates the range of the melted mass viscosity which allows the 
vitreous fibers to be extruded with techniques prior to the one found for the film crystalliza- 
tion. For a melted mass viscosity superior to about 100 poises at the liquidus temperature, 
the prior techniques not only had difficulties for preventing the interruption of the current 
but also supplied partially crystallized short fibers. However, the stabilization techniques 
extend the range of viscosity to a lower limit which depends on the liquidus temperature. In 
general the applicant found that this lower limit was lightly larger than about 2 poises. 

The examples indicated below are the illustrations of melted materials which has 
been extruded in the form of vitreous fibers. The melted material viscosity was below 20 
poises at the liquidus temperature. The melted materials have been extruded under inert 
gas pressure of about 2.8 to 4.2 kg/cm 2 through an orifice of approximately 25 to 254 
micron diameter, placed at the bottom of a molybdenum crucible. The stabilizing gas was 
of propane at the ambient temperature and was under a pressure of about one atmo- 
sphere. The propane is decomposed by contact with a free melted current and formed a 
thin carbon film around the current. The proportions of the compositions indicated in the 
examples are expressed in percent by weight. 

EXAMPLE 1 

Percents 

Al 2 0 3 60-75 

CaO 25-40 

EXAMPLE 2 

Al 2 0 3 50-70 

CaO 20-47.7 

Si0 2 1-10 

EXAMPLE 3 

Al 2 0 3 60.9 

CaO : 26.4 

MgO 3.6 

Si0 2 9.1 
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EXAMPLE 4 

Percents 

Al 2 0 3 36-74 

CaO 20-45 

MgO 1-46.5 

EXAMPLE 5 

,AI 2 0 3 '■ 65 

CaO 30 

Zr0 2 5 

EXAMPLE 6 

Al 2 0 3 55 

CaO 10 

MgO 10 

Si0 2 17.5 

Zr0 2 5 

Li 2 0 2.5 

EXAMPLE 7 

Al 2 0 3 50-70 

CaO 10-18.2 

MgO 5-13.6 

BeO 9.1-13 

EXAMPLE 8 

Al 2 0 3 50-60 

MgO 11-18 

Si0 2 4-10 

BeO 9.1-13 

EXAMPLE 9 

Al 2 0 3 : 60 

CaO 30 

BaO 10 

EXAMPLE 10 

Al 2 0 3 75-100 

CaO 25-0 



The composition viscosity at the liquidus temperature in the example 10 was 
below the one provided by the equation (2). The prepared fibers were crystalline, such 
those measured with diffraction of X-ray. So, this example shows that the compositions 
containing about 75% by weight of Al 2 0 3 form crystalline fibers. 
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The fibers having the compositions of previous examples were measured and it 
was found that they had about 7.6 to 10.2 cm long. The crystallinity degree was below 
about 10%, such as the one indicated with x-ray diffraction. So, for the first time, within 
the limit of knowledge of the crystallinity that the applicant is informed, glass fibers 
having the aspect ratios above 1 or 2 x 1 0 3 for diameters of about 25,4 microns or more, 
have been produced from metal oxide compositions having low viscosity. Consequently, 
it is well understood that the changes of composition, for example, may be carried out 
by the persons who have experience in the technique. 

The appreciation of certain aforementioned measuring values must take into 
consideration of the fact that they issue from the conversion of Anglo-Saxon units into 
metric units. 

The present invention is not limited to the embodiments which are just described, 
on the contrary, it is susceptible to variations and modifications which will appear to the 
man of the art.. 
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1 . Vitreous and continued metal oxide fibers, having a concentration of Si0 2 not 
above 20% by weight, characterized by the fact that it has a viscosity at melted mass 
state below 100 poises at its liquidus temperature T m and above the logarithmic value of: 



2. Fiber according to claim 1 , characterized by the fact that Al 2 0 3 is present be- 
tween 50 and 75% by weight, the complement being at least one of the compounds 
CaO, Si0 2 , BeO, Zr0 2 , Li 2 0, or BaO. 



3. Fiber according to claim 2, characterized by the fact that this fiber contains 60 
to 75% by weight of Al 2 0 3 and 25 to 40% by weight of CaO. 

4. Fiber according to claim 2, characterized by the fact that this fiber contains 60.9 
% by weight of Al 2 0 3 , 26.4% by weight of CaO, 3.6% by weight of MgO and 9.1 % by 
weight of Si0 2 . 

5. Fiber according to claim 2, characterized by the fact that the fiber contains 55 
% by weight of Al 2 0 3 , 10% by weight of CaO, 10% by weight of MgO, 17.5% by weight of 
Si0 2 , 5% by weight of Zr0 2 and 2.5% by weight of Li 2 0. 

6. Fiber according to claim 2, characterized by the fact that the fiber contains 60 
% by weight of Al 2 0 3 , 30% by weight of CaO, 1 0% by weight of BaO. 
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La presente invention se rapporte en general a des 
fibres de verre formees a partir de compositions d f oxydes metallic 
ques et, specif iquement, a des fibres de verre formees a partir 
de compositions d'oxydes metalliques dont les viscosites a la tem- 
perature de liquicus sont inferieures a 100 poises, mais superieu- 
res a une valeur minima de viscosite qui depend de la temperature 
de liquidus. 

Les fibres de verre sont utiles dans de nombreuses appli 
cations, en particulier dans le renforcement d 'articles en elasto- 
mere et dans des structures composites stratifiees. Ces fibres 
sont generalement caracterisees par une bonne combinaison de re- 
sistance elevee, de rigidite et de faible poids specif ique. Cepen- 
dant, des structures composites a performance elevee exigent gene- 
ralement des fibres de haute rigidite telle que mesuree par le mo- 
dule d 'Young. Des compositions a module d f Young eleve tendent ge- 
neralement a avoir de faibles viscosites a la temperature de li- 
quidus, ce dernier terme etant defini comme etant une temperature 
pour laquelle la phase liquide et la phase cristalline existent 
en equilibre. II y a un certain nombre de difficultes apparentees 
pour preparer des fibres de verre a partir de compositions ayant 
de faibles viscosites a la temperature de liquidus. 

Une difficulte principale dans l'etirage de fibres de 
verre a fin diametre a partir de masses fondues de faible visco- 
site est 1' incapacity de la fibre a resister a la tension de trac- 
tion. Lorsque la resistance a la traction de la matiere est depas- 
see, le courant fibreux se fracture. 

Un second obstacle est la cristallisation ou la devitri- 
fication. Quand la viscosite de la masse fondue est approximative- 
ment 1.000 poises ou plus a la temperature de liquidus, il n'y a 
generalement aucune difficulte pour gtirer une fibre de verre. Pour 
des viscosites de masse fondue d 1 environ 100 poises, il se produit 
une certaine devitrification dans l'etirage des fibres de verre 
et des interruptions d'etirage peuvent se produire. Pour des visco- 
sites de 10 poises ou moins, la fabrication des fibres de verre 
par des techniques d'etirage classique entralne soit des fibres 
courtes parti ellement cristallisees, soit une interruption comple- 
te du procede d'etirage. 

Dans les techniques classiques d'etirage, la masse fon- 
due est extrudee a travers un orifice a grand diametre, de 2.000 
microns ou davantage, et puis etiree jusqu'au diametre desire, ge- 
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neralement environ 25,4 microns ou moins, tout en ref roidissant . 
Cependant, la devitrification est intiraement reliee, entre autres 
a la temperature de liquidus, a la temperature de la vitesse maxi- 
ma de croissance des cristaux, et a la viscosite a la temperature 
5 de liquidus ou au voisinage de cette temperature. La vitesse de 
croissance des cristaux dans un oxyde metallique demeure a I'etat 
surfondu est generalement inversement proportionnelle a la visco- 
site. Ainsi, la grande dimension de la masse extrudee dans les 
techniques anterieures limite la vitesse de refroidissement , si 
10 bien qu'une fibre d'une composition dont la viscosite est faible 
cristallisera avant qu'elle ne puisse §tre trempee dans l r £tat vi- 
treux . 

C f est en consequence un objet principal de la presente 
invention de prevoir des fibres "essentiellement continues", "sen- 

15 siblement vitreuses" a partir de compositions d ! oxydes metalliques 
a faible viscosite aux temperatures de liquidus elevees. Des fibres 
essentiellement continues sont definies comme etant des fibres 
ayant un rapport d T aspect d f au moins 1 x ICp. Une fibre sensible- 
ment vitreuse est une fibre ayant un degre de cristallisation in- 

20 fe>ieur a 10 %. 

La recente innovation des techniques de "stabilisation 
de film" fournit des fibres fabriquees a partir de masses fondues 
ayant des viscosites extremement faibles. Des courants de matie- 
res ayant de faibles viscosites tendent a se decomposer en gout- 

25 telettes peu de temps apres leur sortie par suite de la tension su- 
perficielle. On a trouve que la decomposition pouvait §tre emp£- 
chee en formant un film solide autour du courant. Le film "stabili- 
se" ainsi le courant sous forme vitreuse pendant la solidification. 
Une maniere suivant laquelle la stabilisation est effectuee consis- 

30 te a extruder le courant dans une atmosphere gazeuse qui est de 
concentration suffisante et a une react ivite suffisante pour for- 
mer un film autour du courant, le film etant insoluble dans le cou- 
rant fondu et ayant une resistance suffisante pour empecher la 
rupture . 

35 Comme on l f a indique precedemment, le verre est forme 

lorsqu'un liquide est surfondu avant qu'il n f ai.t le temps de cris- 
talliser. La formation de verre est favorisee lorsque (1) les temps 
de trempe sont courts, (2) le taux de formation de noyaux est fai- 
ble, et (3) la vitesse de croissance des cristaux est faible. En 

40 general, le temps de trempe et la vitesse de croissance des cris- 
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taux ont ete trop eleves pour former des fibres vitreuses a partir 
des nombreuses compositions. Cependant, la demanderesse a trouve' 
que l f utilisation d'une technique de stabilisation permettait la 
formation de fibres vitreuses. La faible dimension du courant sor- 
tant permet des temps de trempe beaucoup plus courts. La demanderes 
se a en outre note et trouve experimentalement que des fibres vi- 
treuses pouvaient etre preparees par stabilisation de films a par- 
tir de masses fondues ayant des viscosites dans une gamme speci- 
fied. Les compositions des masses fondues ont ete caracterisees 
comme ayant moins de 20 % en poids de Si0 2 , comme etant "essentiel- 
lement exemptes d'alcali", et elles ont des viscosites a la tempe- 
rature de liquidus T m qui sont : 

(1) inferieures a 100 poises, et 

(2) indiquees a l'echelle logarithmique, superieures 

a environ 



L'expression "essentiellement exemptes d'alcali" est definie com- 
me se rapportant a des produits ayant des impuretes alcalines pre- 
sentes en quantite inferieure a 3 % en poids. 

Les nouveaux points dont on croit qu T ils sont caracteris- 
tiques de la presente invention sont presentes dans les revendi- 
cations suivantes. La presente invention avec d'autres objets et 
avantages pourra §tre mieux comprise en se referant a la descrip- 
tion, en relation avec les dessins ci-joints dans lesquels : 

La figure 1 est une vue schematique en coupe transver sa- 
le vertieale d'un dispositif d ! extrusion a faible viscosite. 

La figure 2 est un graphique a I'eehelle semi-logarithroi- 
que indiquant la gamme de viscosites (portee en poises en ordon- 
nees) dans laquelle des compositions specif iees forment des fi- 
bres vitreuses par stabilisation de film. On porte en abscisses la 
temperature de liquidus en degre centigrade ; et 

La figure J est une comparaison graphique des caracteris- 
tiques de fibres formees a partir de masses fondues par stabilisa- 
tion de films et des techniques anterieures en fonction de la vis- 
eosite des masses fondues. A indique la technique anterieure, B les 
fibres vitreuses, C indique l'etat partiellement cristallise, la 
viscosite etant portee en poises a l'echelle placee en has du des- 




sin. 
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Comme on le voit sur la figure 1, un ensemble de creuset 
10 contient une masse fondue 11 a faible viscosite. Le creuset 10 
peut etre fabrique a partir d'une matiere refractaire appropriee, 
telle que du tungstene ou du molybdene, qui est compatible avec 
5 les temperatures operatoires de la masse fondue 11. L ! orifice 12, 
place dans la partie inferieure de V ensemble de creuset 10, com- 
munique avec une chambre entouree 15 formed par le support 14. Des 
bobines d ! inducteur 15 entourent une enveloppe chauffante 16 qui, 
a son tour, entoure un ensemble de creuset 10. 
10 En cours de f onctionnement , les bobines d'inducteur 14 

amenent la matiere sous pression dans 1 T ensemble de creuset 10 a 
fondre. La masse fondue est alors extrudee dans la chambre 13 par 
la pression de gaz inerte au-dessus de la masse fondue sous forme 

d f un courant libre 17. 

15 La chambre 13 contient une atmosphere qui, en presence 

du courant fondu, forme un film autour du courant. L ! atmosphere 
peut etre n f import e quel gaz qui, en presence du courant fondu, 
forme un film qui est stable et insoluble dans le courant fondu. 
Cependant, de preference, il est souhai table d'utiliser une at- 

20 mosphere, telle que du propane, qui se decompose en presence du 

courant fondu, et forme un film de car bone autour du courant en em- 
p§chant ^interruption ou la rupture avant que la solidification 
complete ne se produise. 

Pour former des fibres de verre, on sait depuis longtemps 

25 que les vitesses de refroidissement doivent Stre assez importantes 
pour empecher la cristallisation. II est egalement bien connu que 
la Vitesse de croissance des cristaux est inversement proportion- 
nelle a la viscosite de la matiere fondue. Ainsi, il est evident 
qu ! un courant fondu de matiere a faible viscosite et a grand diame- 

30 tre presente une grande tendance a cristalliser . 

Ceci peut etre probablement mieux compris d'apres la re- 
lation 

(1) X = I J> V 

dans laquelle X est le degre de cristallinite inferieur a 10, 
I est le taux isotherme de formation de noyaux, 
U est le taux isotherme de croissance des cristaux, 
et 

t est la periode de temps a la temperature T. 
40 On a mesure le temps exige pour la trempe de la tempera- 
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ture de liquidus T m a une temperature T g pour laquelle l'etat vi- 
treux est cinetiquement stable. L 1 importance de la cristallisa- 
tion se produisant est inferieure a celle qui se serait produite 
de maniere isotherms a la temperature T ou ip 3 est un maximum. La 
5 temperature T est approximativement aux 3/h de la temperature de 
liquidus et la viscosite de la masse surfondue doit etre superieu- 
re a 10 a la temperature f pour emp£cher la cristallisation. En 
utilisant 1 'equation modifiee dite WLF (voir William, M.L., Landel, 
R.F., et Ferry, J.D., Journal of American Chemical Society, 77 
10 5701, 1955), on a calcule la viscosite a la temperature T . Les 

resultats sont presentes par la courbe 20 de la figure 2. La cour- 
be 20 correspond a l 1 equation 



15 




ou est la viscosite en poises. Ainsi, pour des masses fondues 
dont les viscosites (en unites logarithmiques ) sont superieures 
a celles donnees par 1 'equation (2), les fibres resultantes ont 
une structure vitreuse superieure a 90 

20 1^ technique anterieure est remplie d ! exemples de fibres 

vitreuses fabriquees a partir de compositions a teneur elevee en 
silice, en particulier au-dessus de 20 % en poids. La silice est 
bien connue pour son aptitude a empecher la cristallisation par 
suite de sa viscosite elevee. Dans le cas d'oxydes raetalliques con- 

25 tenant moins de 20 # en poids de silice, en particulier pour des 
compositions contenant une teneur elevee en alumine (superieure a 
50 % en poids), la faible viscosite a empeche jusqu'a present la 
formation de fibres vitreuses. En extrudant les fibres selon la 
technique de stabilisation de film decrite, la demanderesse a reus- 

30 si a produire de grandes longueurs de fibres vitreuses. Cependant, 
pour des compositions dont la viscosite a la temperature de liqui- 
dus est inferieure a celle donnee par I'equation (2), les fibres 
formees auront moins de 90 % d'aspect vitreux (voir exemple 10). 
Comme le diametred 1 extrusion initial des fibres est faible par 

35 comparaison avec les diametres formes par 1 'intermediaire des tech- : 
niques classiques d f extrusion, les vitesses de refroidissement sont 
bien plus elevees (superieures a 10^ degres par seconde). Comme on 
peut 1 'observer par l'etat vitreux des fibres resultantes, les vi- 
tesses de refroidissement elevees font plus que compenser la fai- 
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ble viscosite de la matiere fondue. 

La figure 3 illustre la gamme de viscosites de masses 
fonduesqui permettent a des fibres vitreuses d'etre extruders par 
des techniques anterieures a celle trouvee pour la stabilisation 
5 de film. Pour une viscosite de masse fondue superieure a environ 
100 poises a la temperature de liquidus, les techniques anterieu- 
res non seulement presentaient des difficultes pour empecher 1 •in- 
terruption de courant mais aussi f ournissaient des fibres courtes 
partiellement cristallisees . Cependant, les techniques de stabili- 

10 sation etendent la gamme de viscosites jusqu ! a une limite infe- 
rieure qui depend de la temperature de liquidus. En general, la 
demanderesse a trouve que cette limite inf^rieure etait legerement 
plus importante qu* environ 2 poises. 

Les exemples indiques ci-dessous sont des illustrations 

15 de matieres fondues qui ont ete extrud£es sous forme de fibres vi- 
treuses. Les viscosites des matieres fondues etaient inferieures a 
20 poises a la temperature de liquidus. Les matieres fondues ont 
ete extrudees sous des pressions de gaz inertes d* environ 2,8 a 
4,2 kg/cm a travers un orifice d 'approximativement 25 a 254 mi- 

20 crons de diametre, place au fond d f un creuset de molybdene. Le gaz 
de stabilisation etait du propane a la temperature ambiante et 
etait sous une pression d T environ une atmosphere. Le propane s'est 
decompose par contact avec le courant fondu libre et a forme un 
mince film de carbone autour du courant. Les proportions des compo- 

25 sitions indiquees dans les exemples sont expriraees en pourcentage 



en poids. 

ESEMPLE 1 

Pourcentage 

A1 2 0 3 60-75 

30 CaO ■ 25-40 

EXEMPLE 2 

A1 2 0 5 50-70 

CaO * 20-47,7 

Si0 2 1-10 

35 EXEMPLE 3 

A1 2 0 5 6C,9 

CaO -. 26,4 

MgO 3,6 

sio 2 9,1 

4o 
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EXEMPLE 4 

Pourcentage 

A1 2 0 3 56-74 

CaO 20-45 

5 M g O 1-46,5 

EXEMPLE 5 

A1 2 0 ? 65 

CaO 30 

Zr0 2 5 

10 EXEMPLE 6 

A1 2°3 55 

CaO 10 

M g 0 10 

Si0 2 17,5 

15 Zr0 2 5 

Li 2 0 2,5 

EXEMPLE 7 

A1 2 0 ? 50-70 

CaO 10-18,2 

20 MgO 5-15,6 

BeO 9,1-1? 

EXEMPLE 8 

A1 2 0 X 50-60 

MgO ^ 11-18 

25 Si0 2 4-10 

BeO 9,1-13 

EXEMPLE 9 

A1 2 0 ? 60 

CaO 30 

30 BaO 10 

EXEMPLE 10 

A1 2 0 3 75-100 

CaO " 25-0 

La viscosite des compositions a la temperature de li- 
35 quidus dans l'exemple 10 etait inferieure a celle donnee par 

I'equation (2). Les fibres preparees etaient cristallines, .tel que 

mesure par diffraction des rayons X. Ainsi, cet exemple montre que 
des compositions contenant environ 75 % en poids d'A^O^ forment 
des fibres cristallines. 

40 Les fibres ayant les compositions des exemples prece- 
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dents ont ete mesurees et on a trouve qu f elles avaient environ 
7,6 a 10,2 cm de longueur. Le degre de cristallinite etait infe- 
rieur a environ 10 %, tel qu'indique par la diffraction des rayons 
X. Ainsi, pour la premiere fois, pour autant que la demanderesse 
5 en soit informee, des fibres de verre ayant des rapports d ! aspect 
superieurs a 1 ou 2 x 10^ pour des diametres d T environ 25,4 mi- 
crons ou plus, ont ete fabriquees a partir de compositions d'oxy- 
des metalliques ayant de faibles viscosites. II est en consequence 
bien compris que des changements de composition, par exemple, peu- 
10 vent etre realises par les personnes exp£rimentees dans la techni- 
que . 

L 1 appreciation de certaines des valeurs de raesures indi- 
quees ci-dessus doit tenir compte du fait qu'elles proviennent de 
la conversion d'unit£s anglo-saxonnes en unites metriques. 
15 La presente invention n'est pas limitee aux exeraples 

de realisation qui viennent d'etre decrits, elle est au contraire 
susceptible de variantes et de modifications qui apparaftront a 
l'homme de I 1 art. 
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REVENDICATIONS 
1 - Fibre d'oxyde metallique vitreuse et continue, ayant 
une teneur en Si0 2 non superieure a 20 % en poids, caracterise en 
ce quelle a une viscosite k I'etat de masse fondue inferieure a 
100 poises a sa temperature de liquidus T m et superieure a la va- 
leur logarithmique de 

15 - 



17 44 ( Tm + 670,4 



10 2 - Fibre selon la revendication 1, caracterisee en ce 

que A1 2 0^ est present entre 50 et 75 % en poids, le complement 
etant au moins un des composes CaO, Si0 2 , MgO, BeO, ZrO^ , lA^O 
ou BaO. 

3 - Fibre selon la revendication 2, caracterisee en ce 
15 que cette fibre contient en poids 60 a 75 % de A1 2 0^ et 25 a 40 % 

de CaO. 

4 - Fibre selon la revendication 2, caracterisee en ce 
que cette fibre contient en poids 60,9 % de A^O-^, 26,4 % de CaO, 
3,6 % de MgO et 9,1 % de 3i0 2 . 

20 5 - Fibre selon la revendication 2, caracterisee en ce 

que la fibre contient en poids 55 % de A1 2 0^, 10 % de CaO, 10 % 
de MgO, 17,5 % de Si0 2 , 5 % de Zr0 ? et 2,5 # de Li 2 0. 

6 - Fibre selon la revendication 2, caracterisee en ce 
que la fibre contient 60 % de A1 2 0^, 30 % de CaO et 10 % de Ba0 # 
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FIG. I. 




FIG. 2. 
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